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An endplate assembly is connected to a fuel cell stack. An 
endplate assembly has an external surface and an internal 
surface. The internal surface faces toWard the fuel cell stack 
and the external surface is opposite the internal surface and 
faces aWay from the fuel cell stack. The endplate assembly 
includes at least one internal ?uid ?oW passage located 
betWeen the internal surface and the external surface. The at 
least one internal ?uid ?oW passage is con?gured to direct 
?uid in a direction transverse to the direction faced by the 
internal surface and the direction faced by the external 
surface. Also, an interior portion may be located betWeen the 
internal surface and the external surface. Aport may provide 
?uid communication betWeen an external component con 
nected to the external surface and the interior portion. In 
addition, a component that processes, senses or measures a 
?uid may be integrated With said endplate assembly. 
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FUEL CELL ENDPLATE SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is related to co-oWned U.S. appli 
cation Ser. No. , ?led May 11, 2004 and entitled 
“Single Pump Fuel Cell System, the entire disclosure of 
Which is incorporated herein by reference. 

FIELD OF THE INVENTION 

[0002] This invention relates generally to fuel cell sys 
tems, and more particularly, to techniques for managing 
?uid ?oW throughout the fuel cell system. 

BACKGROUND INFORMATION 

[0003] Fuel cells are devices in Which electrochemical 
reactions are used to generate electricity from fuel and 
oxygen. Avariety of materials may be suited for use as a fuel 
depending upon the materials chosen for the components of 
the cell. Organic materials in liquid form, such as methanol 
are attractive fuel choices due to the their high speci?c 
energy. 

[0004] Fuel cell systems may be divided into “reformer 
based” systems (i.e., those in Which the fuel is processed in 
some fashion to extract hydrogen from the fuel before the 
hydrogen is introduced into the fuel cell system) or “direct 
oxidation” systems in Which the fuel is fed directly into the 
cell Without the need for separate internal or external fuel 
processing. Many currently available fuel cells are reformer 
based. HoWever, because fuel processing is complex and 
generally requires costly components Which occupy signi? 
cant volume, reformer based systems are more suitable for 
comparatively high poWer applications. 

[0005] Direct oxidation fuel cell systems may be better 
suited for applications in smaller mobile devices (e.g., 
mobile phones, handheld and laptop computers), as Well as 
for someWhat larger scale applications. In direct oxidation 
fuel cells of interest here, a carbonaceous liquid fuel (typi 
cally methanol or an aqueous methanol solution) is directly 
introduced to the anode face of a membrane electrode 
assembly (MEA). 
[0006] One example of a direct oxidation fuel cell system 
is the direct methanol fuel cell or DMFC system. In a DMFC 
system, a mixture comprised of predominantly methanol or 
methanol and Water is used as fuel (the “fuel mixture”), and 
oxygen, preferably from ambient air, is used as the oxidant. 
The fundamental reactions are the anodic oxidation of the 
fuel mixture into CO2, protons, and electrons; and the 
cathodic combination of protons, electrons and oxygen into 
Water. The overall reaction may be limited by the failure of 
either of these reactions to proceed to completion at an 
acceptable rate, as is discussed further hereinafter. 

[0007] Typical DMFC systems include a fuel source or 
reservoir, ?uid and effluent management systems, and air 
management systems, as Well as the direct methanol fuel cell 
(“fuel cell”) itself. As used herein, the term “fuel cell 
system” shall include systems that include a single fuel cell, 
multiple fuel cells coupled in a fuel cell array, and/or a fuel 
cell stack. The fuel cell typically consists of a housing, 
hardWare for current collection, fuel and air distribution, and 
a membrane electrode assembly (“MEA”) disposed Within 
the housing. 
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[0008] The fuel cell system also typically includes an 
endplate assembly on each end of the fuel cell Which has 
connections or ports connectable to conduits for receiving 
sources of air, fuel, Water and any other materials needed to 
alloW the fuel cell to function properly. Such ports may also 
be connected to each other via such external conduits. 
Further, such connections or ports may connect to conduits 
connected to valves, heat exchangers, and any other com 
ponents desired to connect to the fuel cell. Such external 
connections may make a fuel cell system bulky, unneces 
sarily complex and difficult to integrate into an application 
device, or difficult to implement Within the desired form 
factors. 

[0009] The electricity generating reactions and the current 
collection in a direct oxidation fuel cell system take place at 
and Within the MEA. In the fuel oxidation process at the 
anode, the fuel typically reacts With Water and the products 
are protons, electrons and carbon dioxide. Protons from 
hydrogen in the fuel and in Water molecules involved in the 
anodic reaction migrate through the proton conducting 
membrane electrolyte (“PCM”), Which is non-conductive to 
the electrons. The electrons travel through an external cir 
cuit, Which contains the load, and are united With the protons 
and oxygen molecules in the cathodic reaction. The elec 
tronic current through the load provides the electric poWer 
from the fuel cell. The invention set forth herein can also be 
implemented With any fuel cell system Where Water from the 
cathode is returned to the anode aspect of the fuel cell, 
including reformer-based systems as Well as systems that 
use silicon components as a means of directing the How of 
electrons. 

[0010] Atypical MEA includes an anode catalyst layer and 
a cathode catalyst layer sandWiching a centrally disposed 
PCM. One example of a commercially available PCM is 
NAFION® (NAFION® is a registered trademark of El. 
Dupont de Nemours and Company), a cation exchange 
membrane based on polyper?ourosulfonic acid, in a variety 
of thicknesses and equivalent Weights. The PCM is typically 
coated on each face With an electrocatalyst such as platinum, 
or platinum/ruthenium mixtures or alloy particles. A PCM 
that is optimal for fuel cell applications possesses good 
protonic conductivity, and may have to be properly hydrated 
to perform Well. On either face of the catalyst coated PCM, 
the MEA further typically includes a “diffusion layer”. The 
diffusion layer on the anode side is employed to evenly 
distribute the liquid or gaseous fuel over the catalyZed anode 
face of the PCM, While alloWing the reaction products, 
typically gaseous carbon dioxide, to move aWay from the 
anode face of the PCM. In the case of the cathode side, a 
diffusion layer is used to alloW a suf?cient supply of and a 
more uniform distribution of gaseous oxygen to the cathode 
face of the PCM, While minimiZing or eliminating the 
accumulation of liquid, typically Water, on the cathode 
aspect of the PCM. Each of the anode and cathode diffusion 
layers also assist in the collection and conduction of electric 
current from the catalyZed PCM to the current collector. 

[0011] Direct oxidation fuel cell systems for portable 
electronic devices ideally are as small as possible for a given 
electrical poWer and energy requirement. The poWer output 
is governed by the rates of the reactions that occur at the 
anode and the cathode of the fuel cell operated at a given cell 
voltage. More speci?cally, the anode process in direct 
methanol fuel cells, Which use acid electrolyte membranes 
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including polyper?ourosulfonic acid and other polymeric 
electrolytes, involves a reaction of one molecule of metha 
nol With one molecule of Water. In this process, Water 
molecules are consumed to complete the oxidation of metha 
nol to a ?nal CO2 product in a six-electron process, accord 
ing to the following electrochemical equation: 

[0012] Generally, in order to maintain process (1) during 
fuel cell operation, it is important that ?uid ?oW throughout 
the fuel cell system is balanced correctly. More speci?cally, 
the delivery of fuel at the appropriate concentration is a 
consideration and varies With fuel cell operating conditions 
and ambient conditions. Secondly, Water management may 
be an important consideration because Water is a reactant in 
the anodic process at a molecular ratio of 1:1 (Water:metha 
nol), so that the supply of Water, together With methanol to 
the anode at an appropriate Weight (or volume) ratio may be 
critical for sustaining this process in the fuel cell system. In 
addition, Water is generated at the cathode, and this cathode 
generated Water can be recirculated to the anode for use in 
the anodic portion of the process The Water also helps 
maintain adequate hydration of the membrane. HoWever, too 
much Water can lead to cathode ?ooding. Thus, it may be 
desirable to ?nely control the Water balance throughout the 
fuel cell system using desired ?uid management compo 
nents. 

[0013] The present invention is described in conjunction 
With a stack comprised of more than one fuel cell, and Which 
typically include more than one bipolar plate. Such a stack 
can be used to meet required form factor and poWer require 
ments. HoWever, those skilled in the art Will recogniZe that 
the precise con?guration of the fuel cells may comprise a 
single fuel cell, or a plurality of fuel cells arranged in a 
substantially planar system, While remaining Within the 
scope of the present invention. 

[0014] Some systems that have active Water management 
techniques are based on feeding the cell anode With a very 
dilute methanol solution, pumping excess amounts of Water 
at the cell cathode back to cell anode and dosing the 
recirculation liquid With neat methanol stored in a reservoir. 
Such active systems that include pumping can provide, in 
principle, maintenance of appropriate Water level in the 
anode by dosing the methanol from a fuel source into a 
recirculation loop. The loop also receives Water that is 
collected at the cathode and pumped back into the recircu 
lation anode liquid. In this Way, a desired Water/methanol 
anode mix can be maintained. HoWever, the multiple pumps 
that are needed to carry the various solutions throughout the 
fuel cell can lead to parasitic losses that ultimately result in 
a less ef?ciently operating fuel cell system. This has been 
particularly true in applications in Which a fuel cell stack is 
employed. 

[0015] Another challenge arises in a system containing a 
fuel cell stack When it is necessary to purge the stack of 
?uids. This procedure might be performed to change the fuel 
concentration if the concentration of the fuel in the stack is 
greater than or loWer than a predetermined desired level. 
Other situations in Which a stack purge is performed is When 
the system is to be shutdoWn for a routine maintenance 
check or for repairs, Where the pressure Within the fuel cell 
is greater than desired, or Where it is desirable to put the fuel 
cell stack in a freeZe tolerant state. 
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[0016] Temperature regulation is also a consideration in 
fuel cell system management. For example, fuel cell oper 
ating temperatures must be regulated so that the build up of 
excess heat is controlled. Sometimes excess heat must be 
dissipated. Ambient environmental conditions are a factor in 
the dissipation of heat, and affect fuel cell performance, 
particularly in sub-freeZing ambient environments. 

[0017] Based upon all of these considerations, there 
remains a need for controlling the How of ?uids and con 
trolling temperature in a fuel cell system, and speci?cally, 
there is a need for a fuel cell system in Which the How of 
fuel, Water, ef?uents and other gases can be ?nely controlled 
depending upon the desired operating characteristics of the 
fuel cell system or the ambient environmental conditions. 
There remains a further need for a system that incorporates 
this functionality, but is not bulky and Which minimiZes or 
eliminates the necessity of components of the fuel cell 
system using external conduits or hoses. 

SUMMARY OF THE INVENTION 

[0018] The present invention provides, in a ?rst aspect, an 
endplate assembly for a fuel cell system having a fuel cell 
stack. The assembly includes an internal surface and an 
external surface. The internal surface is con?gured to face 
toWard the fuel cell stack and the external surface is opposite 
the internal surface and con?gured to face aWay from the 
fuel cell stack. One or more ?uid ?oW pathWays is located 
betWeen the internal surface and the external surface. The 
one or more ?uid ?oW pathWays is con?gured to direct ?uid 
in multiple directions through the endplate assembly. 

[0019] The present invention provides, in a second aspect, 
a fuel cell system Which includes a fuel cell stack connected 
to an endplate assembly. The endplate assembly has an 
external surface and an internal surface. The internal surface 
faces toWard the fuel cell stack and the external surface is 
opposite the internal surface and faces aWay from the fuel 
cell stack. The endplate assembly includes one or more ?uid 
?oW pathWays located betWeen the internal surface and the 
external surface. The one or more ?uid ?oW pathWays is 
con?gured to direct ?uid in multiple directions through the 
endplate assembly. 

[0020] The present invention provides, in a third aspect, an 
endplate assembly for a fuel cell system having a fuel cell 
stack. The assembly includes an external surface, an internal 
surface, and an interior portion located betWeen the internal 
surface and the external surface. The internal surface faces 
toWard the fuel cell stack and the external surface is opposite 
the internal surface and faces aWay from the fuel cell stack, 
in response to the internal surface being engaged With the 
fuel cell stack. The external surface includes a port con?g 
ured to alloW an external fuel cell component to be mounted 
thereon to provide direct ?uid communication betWeen the 
interior portion and the external fuel cell component. 

[0021] The present invention provides, in a fourth aspect, 
a fuel cell system Which includes a fuel cell stack connected 
to an endplate assembly. The endplate assembly includes an 
internal surface and an external surface. The internal surface 
faces toWard the fuel cell stack and the external surface is 
opposite the internal surface and faces aWay from the fuel 
cell stack. The external surface includes a port con?gured to 
directly connect to an external fuel cell component to 
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provide direct ?uid communication between the endplate 
assembly and the external fuel cell component. 

[0022] The present invention provides, in a ?fth aspect, an 
endplate assembly for a fuel cell system having a fuel cell 
stack Which includes an internal surface and an external 
surface. The internal surface is con?gured to face toWard the 
fuel cell stack and the external surface is opposite the 
internal surface and con?gured to face aWay from the fuel 
cell stack. A ?uid processing component, a measuring com 
ponent, and/or a sensing component are located betWeen the 
internal surface and the external surface. 

[0023] The present invention provides, in a sixth aspect, a 
fuel cell system Which includes an endplate assembly con 
nected to a fuel cell stack. The endplate assembly has an 
external surface and an internal surface. The internal surface 
faces toWard the fuel cell stack and the external surface is 
opposite the internal surface and faces aWay from the fuel 
cell stack. The endplate assembly includes a ?uid processing 
component, a measuring component, and/or a sensing com 
ponent located betWeen the internal surface and the external 
surface. 

[0024] The aspects of the present invention described 
above provide for ?uid ?oW Within, and/or through, one or 
more endplate assemblies of a fuel cell system. The use of 
such pathWays, passages and/or ports alloWs external fuel 
cell processing, sensing, measuring or supply components to 
be directly connected to an exterior surface of an endplate 
assembly. For example, the direct connection of such com 
ponents to ports on the exterior surface of the endplate 
assembly may reduce or eliminate the need for external 
conduits or hoses to connect the endplate and fuel cell stack 
of the fuel cell assembly to such external components. 
Further, the routing of How Within the endplates may reduce 
or eliminate the need for hoses or conduits to route ?uid 
from one portion of the endplate to another portion thereof. 
Moreover, such fuel cell processing, sensing, measuring or 
supply components may be located Within an end plate 
assembly and may be connected to one another by internal 
passages thereby also reducing or eliminating the need for 
external hoses or conduits to route ?uid from one component 
to another. Finally, the endplate assemblies of the present 
invention alloW the endplates to be disposed on the opposite 
ends of the fuel cell stack to alloW ?uids from Within the 
stack to directly enter the endplates Without the need for 
hoses, or conduits or other external ?uid connectors. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0025] The subject matter Which is regarded as the inven 
tion is particularly pointed out and distinctly claimed in the 
claims at the conclusion of the speci?cation. The foregoing 
and other objects, features, and advantages of the invention 
Will be apparent from the folloWing detailed description of 
preferred embodiments taken in conjunction With the 
accompanying draWings in Which: 

[0026] FIG. 1 is a perspective vieW of a fuel cell system 
in accordance With the present invention, excluding external 
components thereof; 

[0027] FIG. 2 is a perspective vieW of a cathode endplate 
assembly of the fuel cell system of FIG. 1; 

[0028] FIG. 3 is an exploded vieW of the elements of the 
endplate assembly of FIG. 2; 
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[0029] FIG. 4 is a perspective vieW of an external side of 
an outer layer of the endplate assembly of FIG. 2; 

[0030] FIG. 5 is a perspective vieW of a stack side of the 
outer layer of FIG. 4; 

[0031] FIG. 6 is a perspective vieW of an outer side of an 
inner layer of the endplate assembly of FIG. 2; 

[0032] FIG. 7 is a perspective vieW of a stack side of the 
inner layer of FIG. 6; 

[0033] FIG. 8 is a perspective vieW of an anode endplate 
assembly of the fuel cell system of FIG. 1; 

[0034] FIG. 9 is an exploded vieW of the anode endplate 
assembly of FIG. 8; 

[0035] FIG. 10 is a perspective vieW of a stack side of an 
outer layer of the anode endplate assembly of FIG. 8; 

[0036] FIG. 11 is a perspective vieW of an outer side of the 
outer layer of FIG. 10; 

[0037] FIG. 12 is a perspective vieW of a stack side of a 
second anode endplate layer of the anode endplate assembly 
of FIG. 8; 

[0038] FIG. 13 is a perspective vieW of an outer side of the 
second anode endplate layer of FIG. 12; 

[0039] FIG. 14 is a perspective vieW of an outer side of a 
third anode layer of the endplate assembly of FIG. 8; 

[0040] FIG. 15 is a perspective vieW of a stack side of the 
third anode endplate layer of FIG. 14; 

[0041] FIG. 16 is a perspective vieW of an outer side of an 
inner layer of the anode endplate assembly of FIG. 8; 

[0042] FIG. 17 is a perspective vieW of a stack side of the 
inner layer of FIG. 16; 

[0043] FIG. 18 is an exploded vieW of the fuel cell system 
of FIG. 1; 

[0044] FIG. 19 is a perspective vieW of a pump being 
connected to the outer side of the outer layer of the anode 
endplate assembly of FIGS. 8 and 9; 

[0045] FIG. 20 is an exploded vieW of the pump and the 
outer layer of FIG. 19; 

[0046] FIG. 21 is a schematic vieW of the fuel cell system 
of FIG. 1 further including components omitted therefrom 
in FIG. 1; 

[0047] FIG. 22 is an elevational vieW of the external side 
of the cathode endplate assembly of FIGS. 2 and 3 With 
hidden features being shoWn in phantom; 

[0048] FIG. 23 is an elevational vieW of the stack side of 
the cathode endplate assembly of FIGS. 2 and 3 With hidden 
features shoWn in phantom; 

[0049] FIG. 24 is an elevational vieW of the stack side of 
the anode endplate assembly of FIGS. 8 and 9 With hidden 
features shoWn in phantom; and 

[0050] FIG. 25 is an elevational vieW of the external side 
of the anode endplate assembly of FIGS. 8 and 9 With 
hidden features shoWn in phantom. 
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DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0051] In accordance With the principles of the present 
invention, an endplate assembly for a fuel cell system having 
a fuel cell stack is provided. The endplate assembly may 
include an internal surface and an external surface. The 
internal surface may be con?gured to face toWard the fuel 
cell stack, and the external surface is opposite the internal 
surface and may be con?gured to face aWay from the fuel 
cell stack. One or more ?uid ?oW pathWays is located 
betWeen the internal surface and the external surface. The 
one or more ?uid ?oW pathWays is con?gured to direct ?uid 
in multiple directions. Also, the external surface may include 
a port con?gured to directly connect to an external fuel cell 
component to provide direct ?uid communication betWeen 
the endplate assembly and the external fuel cell component. 
Fuel cell components may be located betWeen the internal 
surface and the external surface. 

[0052] Further, the external fuel cell components may be 
directly attached to ports and/or an exterior side of an 
endplate assembly thereby minimiZing or eliminating exter 
nal conduits or tubes connecting the endplate assembly to 
any such components. The minimiZation of such external 
conduits or tubes may make a fuel cell system more compact 
and thus more easily located and/or stored. Alternatively, 
such components may be integral to, or Within, the endplate 
assembly. Further, such external fuel cell components may 
include components for supplying ?uids to the fuel cell 
system, components for processing ?uid for the fuel cell 
system and/or components for sensing or measuring ?uid 
properties and/or other properties of the fuel cell system. 
Such internal or external components may include valves, 
pumps, heat exchangers, pressure sensors, concentration 
sensors, ?lters, gas and liquid separators, sources of fuel, 
temperature sensors, sources of Water or sources of air, for 
example. 
[0053] Components may be attached to the endplate 
assembly by any means suitable to one of skill in the art 
including bolts, screWs, clamps or other suitable fastening 
means, as Well as friction or pressure ?ts and bonding 
techniques. Alternatively, such components could be manu 
factured integrally With said endplates. Furthermore, such 
components may be sealed to the endplate assembly by any 
suitable sealing means knoWn to those of the art including 
but not limited to gaskets, o-rings or the like. Endplate 
assemblies may be manufactured With ports having grooves 
or lips for mounting of gaskets or o-rings therein for sealing 
With the components. In one example, exterior side 350 is 
attached to a pump 352 for pumping ?uid through fuel cell 
system 5 as depicted in FIGS. 19-20. Pump 352 may be 
bolted to exterior side 350 using bolts 353 and bracket 354, 
for example. Also, O rings, or other seals, may be utiliZed to 
prevent the leakage of any ?uids Which ?oW from anode 
endplate assembly 30 through pump 352 and return to anode 
endplate assembly 30, for example. 

[0054] In an exemplary embodiment depicted in FIG. 1, a 
fuel cell system 5 includes a fuel cell stack 10 connected to 
a cathode endplate assembly 20 and an anode endplate 
assembly 30. 

[0055] An endplate assembly typically contains one or 
more rigid layers. At each end of the fuel cell stack an 
endplate assembly functions to maintain a pressure on the 
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stack. Thus, a cathode endplate maintains a force on the 
cathode side of the stack toWard the anode While the anode 
endplate maintains a force on the anode side of the stack 
toWard the cathode. The endplate assembly of the present 
invention is capable of transmitting a force toWard the stack 
While alloWing for the ?oW of ?uid in various directions 
therethrough. 
[0056] In one example, cathode endplate assembly 20 may 
include a plurality of ?uid ?oW pathWays Which may include 
interior passages 100 and ports 110 as depicted in FIG.2, 
Which is a perspective vieW of a stack side 120 of cathode 
endplate assembly 20. Ports 110 may be aligned With, and 
coupled to, interior conduits of fuel cell 10 to alloW ?uid 
communication betWeen cathode endplate assembly 20 and 
fuel cell stack 10. 

[0057] Also, an endplate assembly (e.g. cathode endplate 
assembly 20) may be formed of several layers stacked on top 
of each other and attached to one another. Passages 100 may 
be bounded and/or formed by one or more of the layers (e. g., 
a gasket layer) of such an endplate assembly (e.g. cathode 
endplate assembly 20) or a fuel cell stack (e.g., fuel cell 
stack 10). 

[0058] Ports 110 may be attached to, or aligned With, any 
number of external fuel cell components attachable to an 
exterior side 130 of endplate assembly 20 referring to FIGS. 
1-3, for example. In this manner, ?oW is directed from fuel 
cell stack 10 through endplate assembly 20 into such a 
component. How may also be returned from such compo 
nent through a different port of endplate assembly 20 and 
such ?oW may return to fuel cell stack 10. Further, passages 
100 may alloW ?oW betWeen ports 110 and fuel cell stack, 
betWeen ports 110 and discrete fuel cell components Within 
fuel cell system 5, or betWeen conduits or manifolds of fuel 
cell stack 10 and ports 110 or such components, for example. 

[0059] Passages as referred to herein indicate conduits, 
?uid ?oW paths, grooves, or channels in endplate assemblies 
Which preferably connect ports 110 to each other, connect 
fuel cell components to ports 110, and/or connect conduits 
or manifolds of fuel cell stack 10 to such components or 
ports 110. Such passages are oriented generally perpendicu 
lar to a longitudinal direction of a fuel cell assembly and 
transverse to a direction faced by an endplate. For example, 
passages may be grooves or indentations in a side (eg an 
interior side) of a layer of an endplate assembly. Ports as 
referred to herein indicate apertures, conduits, ?uid ?oW 
paths, channels or openings preferably through Which a ?uid 
enters or exits an endplate. The direct attachment or con 
nection of an external fuel cell component to a fuel cell 
system (e.g., fuel cell system 5) or a port (e.g., ports 110), 
as described herein, refers to the components being attached 
(e.g., plugged in) to a port in the end plate assembly Without 
a need for clamping to external ?uid supply conduits, hoses 
etc. and Without the external components being separated 
from the fuel cell system by such a conduit or hose. A “stack 
side” and a “stack direction” are intended to refer herein to 
a side closest to a fuel cell stack and a direction toWard a fuel 

cell stack, respectively. 

[0060] Cathode endplate assembly 20 includes a plurality 
of layers assembled together as best depicted in FIG. 3. In 
particular, an outer layer 200 includes exterior side 130 to 
Which the components described above may be attached and 
an outer layer stack side 210 as best depicted in FIGS. 4-5. 
















